A mathematical model of the transient temperature and fluid flow fields in the multiphase domain at a water thermal energy storage tank is composed. The model is applied for an analysis of the transport phenomena at the heat storage accumulator, charged by waste heat flows of a cogeneration unit and discharged by thermal energy supply to the heating installation of a conservatory. Numerical investigations of the transient 3D temperature and fluid flow fields in the accumulator at different charging and discharging regimes have been performed in order to estimate the temperature variations of the outflows, situated at different levels. Recommendations for the improvements of the design and the operation of the accumulator are formulated to ensure higher temperature stratification in the water domain and subsequent continuous and smooth work of the CHP and heating installations.
Introduction
Thermal stratified storage tanks are widely used in systems with irregular energy source or existing time lag between energy productions and demands (Beckmann and Gilli [1] ). The maintenance of the temperature stratification in liquid media is important for the efficient and correct exploitation of the thermal accumulator.
The temperature stratification depends on operating flow rates, heat losses to the environment, mixing due to outlet and inlet streams, configurations of the tank, discharging and charging channels (Khalifa et al. [2] ).
The temperature fields in liquid accumulating media have been subject of various numerical studies [2] [3] [4] [5] . The literature revue of the scientific achievement in that area indicate that the modeling and numerical simulation of thermal and fluid flow processes in accumulating media is a suitable approach for prediction and optimization of the temperature stratification in the energy storage tanks. Modeling investigations of transient temperature fields in two phase domain with liquid accumulating media have not been reported yet.
The aim of the present work is to analyze and improve the thermal stratification in water thermal energy storage tank, charged by waste heat flows of a cogeneration unit and discharged by heat supply to a heating installation of a conservatory. The investigations are performed by numerical analyses of the fluid flow processes in the accumulator media based on a model of transient conjugate heat transfer in multiphase (water and air) domain, separated by free surface.
Object of investigation
The investigated accumulator is used to accumulate the waste energy of a cogeneration unit and transfer it to a heating installation of a conservatory (figure 1). The tank has cylindrical form (diameter of 11.3m and height of 10.4m) and is situated on a concrete fundament. The metal walls of the accumulator are insulated with of rock-wool layer with thickness of 0.1m. The water level from the bottom can be controlled. At the moment it is kept at 9 meters according the design recommendations. The pressure in the air space is equal to the atmospheric one. The accumulator is charged thermally by two hot water flows. The first one exchanges heat with the oil, cooling the gas engine of a cogeneration unit and inflows in the tank with temperature of 85°C at level 8.1m from the bottom. The second charging flow (6m from the bottom) is heated to 55°C in a heat exchanger for utilization of the thermal energy of the engine exhaust gases and inflows at level 6m from the bottom. The discharge of the accumulator is realized by hot water supply, pumped out from the top layers of the storage tank to the heating installation of the conservatory. All returning flows are loaded in the tank at level l meter.
Thermal stratification in the tank is important not only for its efficiency, but also for the smooth work of the installation: the water, cooling the oil is leaded to the heat exchanger from the bottom of the tank and has to be with temperature lower than 62°C. If the heating installation in the conservatory is switched off, the discharge of the accumulator stops and the temperature of the bottom increases. This may break down the work of the cogeneration unit due to violating of the requirements for the temperature of cooling oil water.
3 Modelling and numerical simulation of the thermal and fluid flow fields in the energy storage tank
Model conception
A system, consisting of momentum, continuity and energy equation, turbulence model, and boundary layer model is solved numerically by ANSYS/CFX for the multiphase domain in the accumulator, covering water and air space, and metal charging and discharging pipes (figure 2). The geometrical model corresponds to the design of the working accumulator for the purpose of model validation. The outlets and inlets in the water space of the object of investigation are with cylindrical form. That is not recommended by the design rules of such type of tanks and leads to low temperature stratification. All bodies of the geometrical model share common faces to ensure proper finite volume mesh for the conjugate heat transfer between the fluid and metal pipes in the tank.
RNG k-ε turbulence model, recommended by Yakhot et al. [6] for modeling of circulation zones is used.
Buoyancy calculations are implemented by the Full Buoyancy model [7] . The environmental air density is used for the evaluation of the density difference
. The properties of water and air are determined by IAPWS correlations and ideal gas law correspondently.
The free surface between the air and water space is computer by VOF (Volume of Fluid) algorithm for 3D mesh (figure 3). To ensure an acceptable convergence of the solution the mesh has to be finer near the assumed free surface and near the bottom.
To evaluate the temperature stratification and its influence on the function of the accumulator numerical simulations of the thermal and fluid flow fields are implemented at:
 steady state at simultaneously thermal charging and discharging;  transient process of charging without discharging (switched off heating installation).
Initial conditions
Transient process is simulated to compute the temperature and fluid flow fields at simultaneously charging and discharging of the accumulator at the initial conditions: The numerical results at the achieved steady state are used as initial for the subsequent simulation of the transient fields at charging of the accumulator without discharging.
Boundary conditions
The heat transfer from the fluid domain to the environment is modeled as convection with heat transfer coefficients U, reflecting thermal transmittance at the two-layer wall. The cupola of the tank is accepted as opening boundary to model the keeping of atmospheric pressure in the air space. Mass flows or correspondent velocity components, normal to the boundaries are applied on all inlets and outlets outside the tank. Temperatures of the flows are applied at the inlets only: for the outlets they are computed at the numerical simulations. All pipe ends are "opened" inlets and outlets at the process with simultaneously charging and discharging of the accumulator according table 1. The connections with the heating installation are "closed" at the process of charging without discharging: the inlet and outlet boundaries are changed as adiabatic walls. 
Bottom of the reservoir
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Convection heat transfer at To = 293K:
Аg -bottom area, m; P -perimeter, m; The difference between the temperatures in down and top levels (respectively 1 and 8.1 meter from the bottom) in the water is about 5K. It is not sufficient from the viewpoint of heat supply of the heating installation of the conservatory. The received water temperature at the bottom outflow level is about 50°C that correspond to the measured data at the real object and prove the validity of the used models. The temperatures of the outflows to the heat exchangers at the cogeneration unit are in the permutable boundaries for the smooth work of the installation.
Charging of the thermal accumulator without discharging
A transient process of thermal charging the storage tank with switched off connections to the heating installation is simulated starting from the received steady state. Increasing of the temperatures at the bottom level near the permutable boundaries for the outflowing flows is established after a process with time duration of 3.20 hours (figure 7). Fluid flow and temperature field at the end of the process are visualized on figures 8-11.
The results on the figures above show that the temperatures in water media increase with the time according the expectations. In the same time the temperature difference along the altitude decreases in comparison with the regime of simultaneously charging and discharging of the accumulator. Those small differences are caused by the high velocity of the submerged water jets and respectively high turbulence in the water space causing circulating flows (figure 10). 
Recommendations for improving the temperature stratification
The numerical results about the transient temperature and fluid flow field in the investigated thermal accumulator show that it can ensure temperature levels of the cooling flows to the heat exchangers at the cogeneration units in a short time (less than 4 hours) in cases of charging without discharging. At the same time the accumulator has a relatively high accumulating potential. The increase of the temperature stratification in the water domain will enable to extend that period, accumulating more thermal energy. The cheaper and easier ways to achieve that purpose at the present construction of the accumulator are: -decreasing of the turbulence in the water space by change of the cylindrical ends of the charging and discharging pipes with conical diffusors; -rising of the level of the water. That will increase the mass of the accumulating media and correspondently will reduce the rate of temperature rise in the accumulating media. The details about the suggestions above can be tested and specified numerically by the presented model conceptions.
Conclusions
The presented models and conceptions for numerical simulation enable receiving of detail information for temperature and fluid flow fields in two phase domain in thermal energy storage tanks, connected to small scale power plants and consumers. The modeling investigations can be used for optimization of the accumulator configuration and flow regimes on design or operating level. 
